In this work the stability of all equilibrium points in the photogravitational relativistic RTBP with oblate primaries is investigated for arbitrary RTBP systems. The four roots of the RTBP systems constituted from the Sun-Planet of the solar system are computed as a computational example. The computation emphasizes the instability of all collinear points in the whole range of mass ratio. In the case of triangular points, the stability regions are affected differently according to the kind of perturbations. The different cases are plotted as well as analyzed.
F o r R e v i e w O n l y
Introduction
The restricted three-body problem (in brief RTBP) describes the motion of a test mass 3 m moving under the gravitational effect of the two finite masses 1 m and 2 m , called primaries. This problem has a five particular solutions at the equilibrium point . Due to the perturbations induced by the photogravitational effect, the oblateness of the primaries and the relativistic corrections to their gravitational fields, the position of the infinitesimal body would be displaced a little from an equilibrium point. If the resultant motion of the particle is a rapid departure from the vicinity of the point we can call such a position of equilibrium an unstable point, if however the particle merely oscillates about the equilibrium point, it is said to be a stable position. The literature is wealthy of works on the subject of the stability of the equilibrium points of the RTBP and it will be worth noting to sketch some of these most important works as: Ahmed, et al. [1] treated the RTBP in the framework of the post-Newtonian approximation of general relativity, they linearized the equations of motion around the libration points 4, 5 L , and obtained the locations of the equilibrium points 4, 5 L and examined the existence and stability of these points. Douskos and Perdios [2] determined the stability of the triangular points and contrary to the result of Bhatnagar and Hallan [3] and find a region of linear stability in the parameter Ragos, et al. [4] focused on the collinear libration points, the authors studied the existence, positions and stability of these points. The RTBP becomes photogravitational when one or both of the masses of the primaries is an intense emitter of radiation, see Kumar and Ishwar [5] . In general the location and stability of the libration points of the RTBP subject to modifications when including one or more of additional forces in the potential of the classical RTPB as: The radiation pressure component of the radiation drag which is the next most powerful component after the gravitational forces, see Schuerman [6] . The oblateness of the primaries, see Oberti and Vienne [7] . The primaries orbits are elliptic, see Kumar and Ishwar [8] . The relativistic corrections to RTBP, see Abd El-Salam and Abd El-Bar [9] , Douskos and Perdios [2] and Ragos, et al. [4] . The aerodynamic drag, see Markakis et al. [10] . The generalized Hill problem with radiation of the primary and oblateness of the secondary together with some remarkable fractals created as basins of attraction of Newton's method, see Douskos [11] . While Abouelmagd [12] proved that the locations of the triangular points and their linear stability are affected by the oblateness of the more massive primary in the RTBP, considering the effect of oblateness for 2 J and 4 J . Ishwar and Sharma [13] discussed non-linear stability in photogravitational non-planar restricted three body problem with oblate smaller primary. They transformed the system into Birkhoff's normal form. Lie transforms reduced the system to an equivalent simpler system which is immediately solvable. Applying Arnold's theorem, they found non-linear stability criteria. Ammar [14] studied the effect of solar radiation pressure on the location and stability of the five Lagrangian points within the frame of elliptic RTBP. Katour, et al. [15] corrected the locations of the triangular equilibrium points in the relativistic RTBP with oblate radiant primaries. Abd El-Bar et al. [16] studied the RTBP is in the postNewtonian framework, and the primaries are assumed oblate radiant sources. While Abd El-Salam et al. [17] computed the location of equilibrium point L 1 in the photogravitational oblate relativistic RTBP with application on Sun-planet systems.
Completing this work Abd El-Salam and Abd El-Bar [18] computed the perturbed location of the collinear point L 3 in the photogravitational oblate restricted three-body problem. Abd El-Salam et al. [19] treated the elliptic restricted three body problem with oblate and triaxial primaries using the pulsating coordinates, computed the locations of the triangular equilibrium points under the considered model and linearized the equations of motion near the triangular equilibrium points and then discussed the linear stability of the triangular points. He found that the stability regions depend on the eccentricity of the orbits, oblateness coefficient and the triaxial parameters of the primaries.
Sanjay Jian, et al., [20] studied the periodic orbits around the collinear libration points in the restricted three body problem when the smaller primary is a triaxial rigid body and more massive body is a source of radiation pressure, determined families in three cases: in the classical case, when bigger primary is a source of radiation pressure and when smaller primary is a triaxial rigid body and bigger primary is a source of radiation pressure and examined Liapunov stability of each periodic solution.
Elshaboury, et al., [21] discussed the equilibrium points as well as the periodic orbits of planar restricted three-body problem in details when both primaries are triaxial rigid bodies. Singh and Bello [22] studied the perturbations due to triaxiality and radiation of the massive primary on the positions and stability of the triangular points in the The aim of this study is to investigate the linear stability of all equilibrium points in the photogravitational relativistic RTBP with oblate primaries. The paper map after this introduction is organized as follows: In section 2 we wrote the equations of motion, then linearized them around the equilibrium points. In subsection 2.1. and 2.2 we investigated the stability of the collinear points as well as the solution of the characteristic equation is obtained. In section 3, we studied the stability of triangular points. In section 4, we gave some stability representations, and we analyzed the stability regions in different dynamical cases. In section 5, we applied our results for the planets of the solar system. The paper ends up with a conclusion in section 6. are kept fixed and the origin at the center of mass, is given by Brumberg [26] . From Bhatnagar and Hallan [3] the equations of motion are given by
Equations of motion and their linearization around the equilibrium points
where U is the potential-like function of the RRTBP. It is given by ( ) ( ) .
where c is the speed of light, To examine the stability of the orbits in the vicinity of the libration points, the equations of motion are linearized around the perturbed locations of the equilibrium points. Let
be the coordinates of the libration point
These explicit expressions of these locations have been obtained previously by the authors and their colleagues as follows: for 1 L see equation (18) (11) and (12) there after correcting their results. Now the linearized equations of motion around these perturbed locations of the equilibrium points read
Substituting in equation ( 
Where , , , U U U ξ ξ ξη η ξ and U ηη are the partial derivatives with respect the variables in subindices. The equations of system (3) represent linear differential equations with constant coefficients so long as only first order terms are retained. Let the solution of the system (3) be represented as
Where A and B are constants, and σ are the eigenvalues obtained from the solution of the characteristic equation at an equilibrium point
, (1 )( 
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( After some lengthy algebraic manipulation we can write the coefficients (6) and (7) of 
where the non-vanishing coefficients are as follows:
The coefficients of ( ) 
Solution of the characteristic equation (5)
Using the coefficients L α Λ and , 1, 2, 3
given by equations (12), (13) and (14), equation (5) 
For all three collinear libration points, we computed the numerical values of L α Γ in whole domain of the mass ratio ( 0 , 0.5 ).
µ ∈
In all cases we obtain 0 L α Γ < which leads to two pure imaginary and two real roots of the characteristic equation. Therefore the collinear points are unstable in the whole range of the photo-gravitational oblate relativistic RTBP as in the classical three body problem. See Table 1 that reflects the obtained solutions. . Selected values are addressed in the table.
The stability of triangular points
To investigate the stability of the libration triangular points, we set the locations of 4 L 
where ( )
4,5
A µ are functions of µ defined in same way as (14) as ( ) 
The non-vanishing coefficients of (16), (17) and (18) are given in Appendix A respectively.
In what follows, the four roots of the characteristic equation will be evaluated for the triangular points under the considered model of perturbations. This table reflects that the triangular points have a stable region in a part of the mass ratio domain and unstable outside, this will be graphically represented in the next sections.
Stability representations
We used the Mathematica9 software package so as to draw the stability regions versus the whole range of the mass ratio µ taking into account the photo-gravitational, oblateness, and the relativistic corrections. The case when the primaries are assumed spherical and the smaller primary is a radiant source is plotted in Fig. 6 . The dynamics is conversed to that obtained in Fig. 5 for the sake of instability regions. In this case, as the radiation parameter increases, the stability regions shrink. This can be attributed to increasing the radiation process of the smaller primary reducing the mass parameter of the problem.
In Fig. 7 , we treated the case when both primaries radiate with [ ] 0.6,1. 1, 2 0 , .
The stability domain is extended with 0.0316
Case 3: The relativistic oblate RTBP
In Fig. 8 and Fig. 9 we have plotted the stability regions of the relativistic oblate RTBP assuming the two primaries are non-radiant sources with oblateness coefficients range 
Solar system application
In what follows, we will apply our solution for the solar system to compute the four roots of the characteristic equation for every planet together with the Sun as different examples of RTBP. See Table 3 . Table 3 The four roots for all equilibrium points In this table, we studied the RTPB systems that constitutes of Sun-Planet in the solar system. It shows that the collinear points are unstable for all mass ratio of these systems, while the triangular points are stable ones.
Conclusion
We have treated the stability of the considered model of perturbed RTBP. We computed the four roots of the RTBP systems constituted from the Sun and a planet of solar system. The parameters used are: the radiation factors 
